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1. Ay method for cleaning a surface of a semiconductor article, 
comprising: 

contacting t^ surface with an oxidizing solution; 
rinsing the surface with a rinsing solution to remove and' inhibit 
further activity of theWidizing solution; 

exposing the surfate to an oxide removal vapor which comprises at 
least hydrogen halide vap^r, to remove semiconductor oxide from the 
surface. 



The method if cli 



surface after the rinsing stdp atfti\befo 



and farther comprising drying the 
re the exposing step. 



3. The method of claim 1\ ;fcd further comprising drying the 
surface after the rinsing step and befoVe the exposing step; 

and wherein the exposing step ^ performed without .vetting the 
surface. 

4. The method of claim 1 wljerein the oxidizing solution 
comprises sulfuric acid and hydrogen peroxid* 

5. The method of claim 1 whereik the oxidizing solution 
comprises sulfuric acid, hydrogen peroxide and Water. - 
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6. fflhe method of claim 1 wherein the oxidizing solution 
comprises sulfuV acid, hydrogen peroxide, water and ozone. 

7. The rn^thod of claim 1 wherein the oxidizing solution 
comprises sul furic acia and * o zone. 

8. The method\ of claim 1 wherein the oxidizing solution 
comprises ozone, and prided that the oxidizing solution does not 
comprise sulfuric acid. 



9. The method of cla^l wherein the oxidizing solution is a 
solution of ozone in wat 



10. The method oij claims 
comprises hydrogen chlorid/ 



1 wherein the oxidizing solution 



11. The method of claim l\ wherein the oxidizing solution 
comprises hydrogen chloride and water. 



12. The method of claim 1 wi 
comprises hydrogen chloride and ozone. 



ierein the oxidizing solution 
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13. TV method of claim 1 wherein the oxidizing solution 
comprises hydrogen chloride, water and ozone. 



14. The method of claim 1 wherein 



the rinsing solution is water. 



15. The method\of claim 1 wherein the oxide removal vapor 
comprises hydrogen fluoride\ vapor. 



■£w^ 16 ' The method 1 wherein the oxide removal vapor 

pomprises hydrogen fluoride Lp\r and isopropyl alcohol vapor. 



17. The 



/ comprises hydrogen fluorifie vapor a\d 



wherein the oxide removal vapor 
water vapor. 



k^^ 18 - 1116 method of c ^ l\ wherein the oxide removal vapor 
pSpiises hydrogen fluoride vapor, isLopyl alcohol vapor and water 
vapor. 



^^19. The method of claim 1 whefein the oxide removal vapor 
^comprises hydrogen fluoride vapor, isopropyl alcohol vapor and an acid 
vapor other than hydrogen fluoride vapor. 
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20. 



Die method of claim 1 wherein the oxide removal vapor 



comprises hydrd^n fluoride vapor, isopropyl alcohol vapor and hydrogen 
chloride vapor. 



21. The method, of claim 1 wherein the oxide removal vapor 



v compris 
chloride vapor and water vajW. 



6 ll | comprises hydrogen fluoride vapor, isopropyl alcohol vapor, hydrogen 



*$ISCIII!ED> [I 22. The method of claW 1 wherein the oxide removal vapor 

^^i§"6 io ^^l^rises hydrogen fluoride vap^r^niWoae. 



ii 



^ 'k 3 U com P nses hydrogen fluoride vppor, wateA ^por and-uzone. 

8 II i \ 



23 . The methad-^or cttai 



wherein the oxide removal vapor 



5W 14 
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24. The method of claim 1 and further comprising rotating the 
semiconductor article while performing at f^ast one of said ^contacting, 
rinsing or exposing steps. 

25. The method of claim 1 and furtheA comprising rotating the 
semiconductor article while performing at least Le of said contacting, 
rinsing or exposing steps; 

and wherein at least m one of said contacting \ or rinsing steps is 
performed by spraying liquids upon the surface. 
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26. U method for cleaning a surface of a silicon semiconductor 
article, comprising: 

contacting \he surface with an oxidizing solution which includes 
sulfuric acid and oione; 

. rinsing the surfW with a rinsing solution to remove and inhibit 
further activity of the ox\dizing solution; 
drying, the surface; 
exposing the surface aW said drying step to an oxide removal 
vapor which comprises at /leW^vdrogen fluoride vapor, to 
semiconductor oxide from thi surface. 



remove 



27. The method 'of fc/aim 
performed without wetting the Surface. 



wherein the exposing step is 



28. The method of claim 26 wWein the contacting step is 
performed at a temperature in the range from\about 50°C to about 150°C. 



29. The method of claim 26 whereiA the contacting step is 
performed at a temperature in the range from abo\t 90°C to about 140°C. 

30. The method of claim 26 wherein the exiting solution further 
comprises hydrogen peroxide. 
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3l\ \The method of claim 26 wherein the oxidizing solution further 
comprises hydrogen peroxide and water. 

32. The metntoi of claim 26 wherein the rinsing solution is water. 

33. The method o\ claim 26 wherein the oxide removal vapor 
further comprises isopropyl aftohol vapor. 

34. The method of clairdOSi) wherein the oxide removal vapor 
further comprises water vapor. 



35. The method of claMm 28\\Mherein the oxide removal vapor 
further comprises isopropyl alo&feol vapor ^and water vapor. 

36. The method of claim 26 whereui the oxide removal vapor 
further comprises isopropyl alcohol vapor and\an acid vapor, other than 
hydrogen fluoride vapor. 



37 . The method of claim 26 wherein the\ oxide removal vapor 
further comprises isopropyl alcohol vapor and hydrogeh chloride vapor. 
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38. 'file method of claim 26 wherein the oxide removal vapor 
further comprise^ isopropyl alcohol vapor, hydrogen chloride vapor and 
water vapor. 

39. The method\of claim 26 wherein the oxide removal vapor 
comprises hydrogen fluoride\yapor and ozone. 

40. The method of ciaim 26 wherein the oxide removal vapor 
comprises hydrogen fluoride vaporA water vapor and ozone. 



41. The method of claim 
comprises hydrogen fluoride vapor, 



fiopi 



herein the oxide removal vapor 
4yl alcohol vapor and ozone. 



42. The method of claW /26 ancnfurther comprising rotating the 
semiconductor article while performing akj^ast one of said contacting, 
rinsing, drying, or exposing steps. 



43. The method of ciaim 26 and furtheA comprising rotating the 
semiconductor article while performing at least oke of said contacting, 
rinsing, drying, or exposing steps; 

and wherein at least one of said contacting \>r rinsing steps is 
performed by spraying liquids upon the surface. 
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44. '^A method for cleaning a surface of a silicon semiconductor 
article, comprising: 

contacting^ the surface with an oxidizing solution which includes 
hydrogen chloride \acid and ozone; 

. rinsing the surface with a rinsing solution to remove and ' inhibit 
further activity of the\oxidizing solution; 
drying, the surface\ 

exposing the surface arte*, said drying step to an oxide removal 
vapor which comprises \at\ least \ hydrogen fluoride vapor, to remove 



semiconductor oxide from 



he^surfaci 



45. The method / off cla^n |44 wherein the exposing step is 
performed without wettir/g t5e~~si 

46. The method/of claim 44 ^herein the oxidizing solution further 
comprises water. 

47. The method of claim 44 wherein the rinsing solution is water. 



48. The method of claim 44 wherein the oxide removal vapor 
comprises hydrogen fluoride vapor and isopropy.1 alcohol vapor. 
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49. \ The method of claim 44 wherein the oxide removal vapor 
comprises hydrogen fluoride vapor and water vapor. 

50. TheVethod of claim 44 wherein the oxide removal vapor 
comprises hydrogen\ fluoride vapor, isopropyl alcohol vapor and water 
vapor. 



51. The method of claim 44 wherein the oxide removal vapor 



comprises hydrogen fluoride 
vapor other than hydrogen 



vap^r, isopropyl alcohol vapor and an acid 



52. The method of/cIaim\4^ wherein the oxide removal vapor 
comprises hydrogen fluoriddTvapot^djpropyl alcohol vapor and hydrogen 
chloride vapor. 



53. The method of claim 44 wherein the oxide removal vapor 
comprises hydrogen fluoride vapor, isopropyl alcohol vapor, hydrogen 
chloride vapor and water vapor. 



54. The method of claim 44 wherein \ the oxide removal vapor 
comprises hydrogen fluoride vapor and ozone. 
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55. \The method of claim 44 wherein the oxide removal vapor 
comprises hydrbgen fluoride vapor, water vapor and ozone. 



56. The method of claim 44 wherein the oxide removal vapor 
comprises hydrogen fluoride vapor, isopropyl alcohol vapor and oZbne. 

57. The methojfl ofi clairia 44 and further . comprising "rotating the 
semiconductor article Mule performing at least one of " said contacting, 
rinsing, drying, or expos ing steps. 

58. The methid of claim W and further comprising rotating the 
semiconductor article while performing at least one of said contacting, 
rinsing, drying, or exposing steps; 

and wherein at least one of sakl contacting or rinsing steps is 
performed by spraying liquids upon the surface. 
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59. \A method for cleaning a surface of a semiconductor article, 
comprising: 

contacting the surface with an oxidizing solution containing ozone; 
rinsing the \xidizing solution from the surface to remove and inhibit 
further activity of the oxidizing solution; 
lp dryi ng t he 3u rfa\e-afte£-t he rinsing ct o p ; 

exposing the surface to an oxide removal vapor which removes 
semiconductor oxide from khe surface. 

I \ \ 

60. The method of|>claim\59 wherein the exposing step is 
performed without wetting flhe surface.! 



61. 



The method Hf claim\ 59A wherein the oxidizing solution ^oJ^V 



comprises sulfuric acid anJ hydrogen VeUxide. 



g,J> 62. The method of claim 59\ wherein the oxidizing solution S^^- 
comprises sulfuric acid, hydrogen peroxide\and water. 




63. The method of claim 59 wherein the oxidizing solution^ '' 
comprises sulfuric acid, hydrogen peroxide, waVer and ozone. 

64. The method of claim 59 wherein^ the oxidizing solution 
comprises sulfuric acid and ozone. 
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65. \The method of claim 59 wherein the oxidizing solution 
solution of ozone in water. 



is a 



66. The Method of claim 59 wherein the oxidizing solution^^^ 
comprises hydrogen cmoride. - " 



V 67. The method \of claim 59 wherein the oxidizing solution 
comprises hydrogen chlorideVand water. " 




The method of/ cMm\59 wherein the oxidizing solution/ , I 
and bzone) 



comprises hydrogen chloride 

69. The method of 
comprises hydrogen chloride, water and bzbne 



claim>\59 Wherein the oxidizing solutioi 



70. The method of claim 59 whefcein the rinsing solution is 



water. 



71. The method of claim 59 whefein the oxide removal vapor 
comprises hydrogen fluoride vapor. 



72. The method of claim 59 wherein W oxide removal vapor 
comprises hydrogen fluoride vapor and isopropyl a\cohol vapor. 
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The method of claim 59 wherein the oxide removal vapor 
comprises ftwirogen fluoride vapor and water vapor. 

74. The Vethod of claim 59 wherein the oxide removal vapor 
comprises hydrogen \fluoride vapor, isopropyl alcohol vapor and water 
vapor. 



75. The method 
comprises hydrogen fluoride 
vapor other than hydrogen 



cla^hn 59 wherein the oxide removal vapor 
vtoon^ isopropyl alcohol vapor and an acid 
liioriae tepor. 



comprises hydrogen fluoride 
chloride vapor. 



v 



xlami ^9Va(herein the oxide removal vapor 
vapor, isoVVopylv alcohol vapor and hydrogen 



77. The method of claim 59 wheVein the oxide removal vapor 
comprises hydrogen fluoride vapor, isoprop\l alcohol vapor, hydrogen 
chloride vapor and water . vapor. 



78. The method of claim 59 wherein Vhe oxide removal vapor 



comprises hydrogen-fluoride--vapQi_^iid_ozone. 



SE100110.P02 A270SQ9I54SN 



48 



PAT-USUP-00 



10 



11 



12 



13 



14 



15 



16 



17 



18 



19 



20 t 



21 



22 



23 



24 



.79. The method of claim 59 wherein the oxide removal vapor 
comprises v hydrogen fluoride vapor, water vapor and ozone. 

80. The method of claim 59 and further comprising rotating the 
semiconductor article while performing at least one of said contacting, 
rinsing, drying, or\ exposing steps. 

81. The method of claim 59 and further comprising rotating the 
semiconductor article While performing at least one of said contacting, 
rinsing, drying, or exposing ^stqps; 

and wherein at leasft one\ of said contacting or rinsing steps is 
performed by spraying liquMAupda the surface. 



2. A method fit 
comprising contacting t$b surfao 
hydrogen chloride and i/zone 



g a surface of a semiconductor article, 
with an oxidizing solution comprising 



MB 

j^j 83. A method according to cl^im 82 wherein the oxidizing solution 
further comprises water. 

^-j 84. A method for cleaning a surface of a semiconductor article, 
comprising contacting the surface with ^n oxidizing solution comprising 
sulfuric acid and ozone. 
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85. \ A method according to claim 84 wherein the oxidizing solution 
further comprises water. 



86. A method for cleaning a surface of a semiconductor article, 
comprising exposing\ the surface to an oxide removal vapor which 
comprises hydrogen fluoride vapor and ozone vapor. 



87. A method according claim 86 wherein the oxide removal 
vapor further comprises waiter) 



89. A method according to\ claim 88 wherein the metals 
16 A^\ solubilizin g a S ent includes at least one hydrogen halide. 



88. A method /foi 
comprising ex£OS 
and a metals solubilizing 



surface of a semiconductor article, 
aqueous solution containing ozone 



- .< 90. A method according to clkim 88 wherein the metals 



solubilizing agent includes hydrogen chloride\ 

\ 
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